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Fig．9．8（a）Predicted　stress　and　strain　cur▼e，（b）effective　stress　path，　and（c）excess　pore　pressure　in
backfill　soil　EN4
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Fig．9．9　Residual　axial　strain　distributions　of　sheet　1　and　sheet2　after　wave　loading（t＝100s）
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（a）］Location　of　horizontal　distribution　of　response　ratio　of　pressure　fluctuation
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（b）Horizontal　distribution　of　predicted　and　observed　response　ratios　of　pressure　fluctuation
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Fig．9．10（a）Location　of　horizontal　distribution　of　response　ratios　of　pressure　fiuctuation，　and（b）
horizontal　distribution　of　response　ratios　of　pressure　fluctuation
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CONCLUI）ING　REMARKS
The　conclusions　obtained　in　the　foregoing　Chapters　may　be　summarized　as　follows，　under　the
headings　of　Parts　1，2and　3　involved．
PART　I　ANALYSIS　FRAMEWORK
Chapter　l　describes　the　features　of　a　fully　coupled，　dynamic　finite－element　program　for
plane－strain　deformation　that　was　developed　in　the　present　study．　The　validity　of　the　analysis
code　was　verified　through　comparisons　of　the　predictions　with　the　closed－fbm　analytical
solutions　in　the　three　classes　of　elastodynamic　problems，　specifically　the　solutions　by　Simon
et　a1．（1984），　by　ldriss　and　Seed（1968）and　by　Graham　and　Rodriguez（1952）．
In　chapter　2，　a　plane－strain　version　of　the　elastoplastic　constitutive　model　by　Pastor　et　aL
（1990）was　refonnulated，　with　consideration　of　generalized　loading　criteria．　This　permitted
parameter　Mg，　related　to　the　angle　of　the　phase－transformation　line，　to　be　a　true　material
constant　in　the　sense　that　the　value　is　independent　of　the　shearing　mode（compression　or
extension）and　may　be　determined　for　a　given　soi1．　The　introduction　of　generalized　loading
criteria　permitted　a　consistent　description　of　softening　behavior　in　the　present　framework　as
being　a　loading　process．　Furtherrnore，　particular　emphasis　was　placed　for　developing　a
workable　yet　physically　sound　procedure　for　determining　the　plastic　constitutive　parameters
concerned．　The　outcome　of　this　approach　is　such　that　the　non－associativeness　parameter
Mf／Mg　correlates　well　with　the　degree　of　compaction　or　relative　density　Dr　of　sand，　providing
a　useful　equation　of　correlation　as　represented　by　Mf／ルtg＝exp（1．07Dr　－1．35）．
Chapter　3　was　devoted　to　formulating　a　new　elastoPlastic　constitutive　model　for　joint
elements　that　represented　interfaces　between　soil　and　solid　structures．　The　formulation　was
made　in　such　a　way　that　the　joint－element　model　became　a　counterpart　of　the　previously
f（）rmulated，　plane－strain　version　of　the　elastoplastic　constitutive　model　fbr　soiL　The
performance　of　the　joint－element　modeling　was　favorably　tested　in　light　of　the　monotonic　and
cyclic　shearing　tests　on　sand－steel　interfaces　that　were　reported　by　Fakharian　and　Evgin
（1997）．
Chapter　4　discussed　the　characteristics　of　the　dynamic　fluid　pressures　that　developed　through
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interactions　between　saturated　soil　and　the　adjacent　fluid　column．　The　outcome　of　the
discussion　includes　the　following：
（a）The　elastoplastic　finite－element　modeling　fbr　the　submerged　deposit　of　sand　captured　the
build－up　of　seismically　induced　residual　pore　pressures　leading　up　to　liquefaction，　and
clarified　the　nature　of　the　dynamically　induced　pore　pressure　fluctuations　that　occurred
following　liquefaction．
（b）There　occurred　a　marked　interaction　between　the　liquefied　sand　and　the　overlying　fluid
column，　enhancing　the　dynamic　pressure　changes　at　the　fluid－soil　interface．
（c）The　predicted　dynamic　pressure　changes　from　the　finite－element　analyses　and　the
two－1ayer－fluid　theory　compare　favorably　with　what　has　been　measured　in　the　centrifugal
shaking－table　tests　on　the　fluid／saturated　sand　systems．
PART　II　PERFORMANCE　OF　COMPOSITE　BREAKWATERS　UNDER　SHAKING
Chapter　5　applied　the　proposed　analysis　procedure　to　assessing　the　deformability　of
composite　breakwater　models　subjected　to　a　range　of　centrifugal　shaking－table　tests．　The
particular　emphasis　placed　on　investigating　into　the　effect　of　the　degree　of　compaction　of　the
foundation　sand　below　the　caisson　structure．　The　outcome　of　the　discussion　includes　the
following　findings：
（a）The　soil　elements　below　the　caisson　structure　underwent　significant　amounts　of　vertical
compression　that　were　accompanied　by　equally　significant　lateral　expansion．　The　deformation
mode　was　accentuated　when　the　effective　stress　path　crossed　the　phase　transformation　line
from　below　and　accounted　for　a　significant　portion　of　the　accumulated　settlement　of　the
caisson　structure　during　shaking．
（b）The　predicted　performance　of　caisson　settlements　compares　favorably　with　the　measured
performance　when　the　MfiMg　versus　Dr　relationship　proposed　in　Eq．（2．34）is　allowed　for　in
the　procedure　of　determination　of　the　material　parameters．
Arevisit　was　made　in　Chapter　6　to　the　seismic　perfom乃ance　of　Kobe　port　breakwater　No．7
during　the　l995　Hyogoken－Nambu　earthquake，　in　tems　of　the　proposed　finite－element
analysis　procedure．　The　outcome　of　the　analyses　performed　may　be　summarized　as　follows．
（a）The　best　prediction　in　tems　of　the　final　caisson　settlement　proved　to　be　the　case　where
the　non－associativeness　parameter　Mf／Mg　was　equaい00．48．　This　prediction　is　of
considerable　practical　interest，　since　the　identified　case　polnts　to　the　relative　density　Dr　of
the　sand　fill　being　equal　to　40％，　provided　that　Eq．（2．34）holds　true　fbr　the　deposits　of
decomposed　granite　soiL
（b）The　large　settlements　of　the　order　of　2m　in　the　composite　breakwater　system　may　be
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ascribed　to　a　sort　of　repeated　shear　failure　in　the　fbundation　soil　whose　effective　stress　state
was　far　from　being　the　state　of　liquefaction．
（c）The　factors　of　safety　against　sliding　at　the　interface　of　the　caisson　and　rubble　mound
during　shaking　could　be　assessed　by　closely　examining　the　effective　stress　states　in　the　joint
elements　incorporated．　The　factor　of　safety　against　sliding　tends　to　take　a　smaller　minimum
in　the　course　of　shaking　in　the　cases　where　parameter　Mf（or　Dr）　takes　a　larger　value，
suggesting　an　adverse　effect　of　increased　degree　of　compaction　in　the　sandfil1．
Chapter　7　points　out　the　consequences　of　scenario　earthquakes　of　moderate　intensity　yet
having　a　prolonged’duration　of　shaking　upon　the　plastic　deformability　of　composite
breakwater　systems．　Also，　it　refers　to　some　responsible　factors　that　need　further　future
studies．
PART　III　PERFORMANCE　OF　CONTROLLED　DISPOSAL　SITE　UNDER
DYNAMIC　LOADING
Chapter　8　deal　with　the　seismic　performance　of　a　controlled　disposal　site　under　strong　shaking．
The　predictions　in　terms　of　the　present　analysis　procedure　show　that　extensional　straining　of
the　order　of　2％can　develop　in　the　water－shielding　sheet　during　the　strong　shaking　anticipated，
and　that　the　extensional　straining　tends　to　concentrate　on　the　section　with　shallow　soil　cover．
The　latter　finding　is　in　qualitative　agreement　with　the　experimental　results　of　Kano　et　aL
（2004）．
In　Chapter　9　the　characteristics　of　wave－induced　pore　pressure　fluctuations　in　the　backfill　of　a
controlled　disposal　site　were　predicted　using　the　present　analysis　procedure　and　compared
with　the　filed　observations　available．　The　outcome　of　the　discussion　includes：
（a）The　predicted　perfbrmance　of　propagation　of　wave　pressures　through　the　rubble　mound
and　backfill　soil　compares　favorably　with　the　field　observations　of　Kotake　et　al．（2004）．
（b）The　wave－induced　pore　pressure　fluctuations　under　a　wave　period　of　5s　proved　to　decay
significantly　in　the　course　of　propagation　through　the　backf川，　exerting　only　limited　impact
upon　the　water－shielding　sheet　in　the　backfill．
（c）However，　care　is　needed　when　markedly　long　periods　of　waves　are　anticipated　to　hit　the
semi－permeable　seawall　system　for　a　controlled　disposal　site．　This　statement　arises　from　the
following　observation：　namely，　the　present　analyses　demonstrate　that　the　effect　of　wave
pressures　can　penetrate　deep　into　the　backfill　soil　and　affect　the　water－shielding　sheet　system
there　to　some　extent．
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Overa11，　the　present　thesis　demonstrates　the　capability　of　the　proposed　analysis　prooedure　for
dealing　with　the　important　classes　of　dynarnic　fluid－soil－structure　interactions，　encouraging　its
wider　application　to　nearshore　geotechnics　and　wate㎡tont　geohazards　reduction．
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